Introduction
If this, the International Embryo Transfer Society, were to take a 'patron saint', he would have to be Walter Heape (Plate 1), not just because he performed the first embryo transfers at the end of the last century but because of his immense influence on sciences that are fundamental to the work that we do. Although his transfer work in rabbits (1891, 1897b) was aimed at answering the 'pure' scientific question of whether the uterine environment influences an embryo's phenotype, and at defining the mechanisms of the supposed phenomenon of telegony, Heape's contribution to 'applied' science included the rekindling of interest in artificial insemination (1897a, 1898) and the laying of a scientific foundation to the animal breeding industry with emphasis on its economic importance (1899, 1906 Hammond, judged (1946) his most important work to be his memoir on The Sexual Season of Mammals (1900) , in which he brought together all that was then known about breeding seasons and oestrous cycles and introduced the very terms we use today in describing the phases of the cycle. Marshall (1930) also indicated Walter Heape's versatility in an obituary describing a career that included business endeavours, elephant hunting and the invention of a high-speed camera, the "Heape and Gryalls Rapid Cinema Machine", in addition to his wide-ranging biological pursuits. Marshall Heape's writings, including (p. 334) his 1905 postulation that oestrus depended on an interaction between a "generative ferment" and "gonadin", secreted by the generative glands. This was at a time when the first inklings of an endocrine function for the ovary had only just been gained by the gynaecologists Knauer and Halban in Vienna (see Corner, 1961 ), so such a prescient hypothesis, 18 years before the demonstration of ovarian oestrogen (Allen & Doisy, 1923) , would seem to deny the later assertion (Parkes, 1949) (Jones, 1957) . In a contemporary book on Practical Farriery from the Royal Veterinary College in London, chloroform was even recommended as a treatment to prevent abortion in cattle, despite its dangers "... in the hands of any, save persons possessing extensive chemical knowledge" (Lupton, 1892(?) (Crawshey, 1636; Harward, 1673) while surgical removal of hydatid cysts from the cranium in sheep was described even earlier (Fitzherbert, 1523 Short, 1977) , indicating a very early appreciation of the endocrine functions of the gonads. Smith (1919) cites George Turberville's 16th century description of the best time to spay bitches and also his careful observations on the effects of castration on antler growth in deer, which make the appreciation clear:
"If a deer be castrated before he had a 'head' he will never bear one; if the operation be performed when the antlers are up, he will never shed them; or if the head is in a condition of'velvet' it will so remain".
Smith also tells us that Turberville stated:
"This giveth us to understand that there is great virtue in the stones". Nevertheless, endocrinology was still in its infancy in 1890, despite the first experimental evidence of endocrine activity (again of the testis) having been presented 41 years previously (see Short, 1977 Marshall, 1910, pp. 181-182). The discovery of the spermatozoa had occurred a century earlier (Ham & Leeuwenhoek, 1677, see Needham, 1959, p. 175 ).
Eggs and embryos
Rabbit blastocysts have figured largely in the complex history of the discovery of the mammalian ovum which has been described by several authors, including , Meyer (1939) , Needham (1959) , Bodemer (1971) , and, most entertainingly, by Corner (1933 Corner, 1933) . The same year saw the conclusion of an early piece of 'mission orientated' research when the Göttingen Academy of Sciences awarded a prize for the discovery of the site of formation of the mammalian egg: the prize was won by a paper proving that the uterus has this role (Corner, 1933) (see Jocelyn & Setchell, 1972, p. 200, notes 175 and 177) and the priority of observation may even belong to Langley in 1657 (see Needham, 1959, p. 163) . Whatever the priorities of discovery and description, there was obvious confusion between eggs and follicles and Theodore Kerkring (1670), for example, even illustrated cow "ova" that were in fact small follicles (see Needham, 1959, p. 163 and Fig. 16 (Short, 1978) . Harvey probably recovered expanded blastodermic vesicles from the uterus at about Day 20 but did not recognize the "purulent matter ... friable and ... inclining to yellow" as containing an embryo. This naturally led him to conclude that no trace of conception was to be found in the uterus for some days after mating and that the female contributed no "female semen" to the embryo. Harvey's education (see Corner, 1933) . Descriptions of the living tubai ova of sheep (Hausmann, 1840; Bischoff, 1844) , dog (Bischoff, 1845) and deer (Bischoff, 1854) soon followed. The living tubai ova of our other domestic animals and of man were not described until much later: the pig by Keibel (1897) and Assheton (1898) ; the cat by Longley (1911) ; man by Allen, Pratt, Newell & Bland (1928) ; the cow by Hartman, Lewis, Miller & Swett (1931) ; the mare by Amoroso, Griffiths & Hamilton (1939) or, if that report was of an old, retained, unfertilized egg (as is possible), by Hamilton & Day (1945) . The first observations of fertilization and early cleavage were made on amphibians by Newport in 1853 (Short, 1977) and actual union of mammalian gametes was demonstrated by Hertwig in 1875 (Corner, 1933 (Biedl, Peters & Hofstätter, 1922) . The success rate in that study was not only low ( 1 pregnancy from 70 experiments) but also doubtful, because the young were born at night and had been eaten by next morning (Dowling, 1949 (Hammond, 1930, cited by Nicholas, 1933 Pomeroy (1965) . However, before tracing the early uses of embryo transfer, we should consider the parallel developments that made them possible.
Gonadotrophins and superovulation
The story of how the relationship between the pituitary gland and the gonads was elucidated is a fascinating one and has been recounted by Corner (1947) , Parkes (1966) , Greep (1973) and Short (1977 Dowling, 1949) . PMSG treatment was first used for therapy rather than superovulation in cattle (Hart & Cole, 1933) and for induction of out-of-season breeding in sheep (Cole & Miller, 1933 (Rumjancev, 1938) . Russians were also the first to induce multiple pregnancies in sheep treated with PMSG (Loginova & Lopyrin, 1938; Lopyrin, Loginova & Babicev, 1940 (Casida et al, 1943; Casida, Warwick & Meyer, 1944) and wartime efforts with both PMSG and horse pituitary extracts in Britain (Parkes & Hammond, 1940; Folley & Malpress, 1944 ) firmly established their effects in both cattle and sheep and laid the groundwork for the profusion of superovulation studies that followed (reviewed by Gordon, 1975 (Smith, 1919, p. 24) . In cattle, it is said to have been used by the Russians for pregnancy diagnosis as early as 1815 but, in Britain at least, was considered "rather unprofessional" before the second world war (Noakes, 1979 (Walton & Prawochenski, 1936) and bull semen to Holland (Edwards, Walton & Siebenga, 1938 (Parkes, 1968) .
Early transfers in farm animals ( (Chang, 1971) . Umbaugh (1949) Umbaugh, 1949; Dowling, 1949) . M. C. Chang had been trained by Walton and Hammond in Cambridge and one of his first tasks when he came to the United States to work with Pincus in 1945 was to induce superovulation in cows (see Chang, 1971) . His subsequent rabbit work included storage of embryos for some days at 10°C (1947, 1948) , the demonstration of embryotoxic factors in untreated sheep and cattle serum (1944) , the definition of the need for donors and recipients to be synchronized (1950), the first long-distance shipment of embryos (back to Cambridge) with Marden (1952) and the first live births after in¬ vitto fertilization (1959) . The lattermost feat has yet to be emulated for farm animals. In all these papers, and in his amusing 1971 summary of this phase of his work, Chang acknowledges the support of Gregory Pincus. (Willett et al., 1951) . The Day-5 embryo had been collected at slaughter and surgically transferred via a midline incision to the horn contralateral to the corpus luteum to negate the possibility that the calf originated from the recipient's own ovum even though she had not been inseminated. The coat-colour descriptions to prove parentage were reminiscent of Heape's, but partial blood-typing was also used. One of the first 3 calves produced at Wisconsin spent part of its prenatal life in a pool of spilt medium on a laboratory bench-early testimony to the hardiness of the 4-cell embryo (Dr H. (Nicholas, 1933) . In mice, it was first cancer research at Bar Harbor, Maine, in 1935 (see Fekete & Little, 1942) and then genetic work in Edinburgh (Beatty, 1951) that prompted the early transfers.
Disappointing success rates in farm animals in many laboratories after these early successes inhibited progress. Failures were related to technique, so early procedures are of interest.
Collection techniques
Embryo collection from laboratory animals was obviously most easily accomplished at slaughter and the first collections from cows (Hartman et al., 1931) and pigs (Kvasnickii, 1951) were made in the same way. Surgical methods of recovering embryos were first developed for man (Allen et al., 1928) and were used in early work with sheep and goats (Warwick et al., 1934) and cattle (Umbaugh, 1949) . Collection methods from cows have undergone a curious reversal: some of the earliest methods on both sides of the Atlantic and in Japan were non-surgical (see Brand & Drost, 1977a) , but vastly superior results were obtained surgically at Cambridge by Rowson, Moor & Lawson (1969) Elsden, 1977) .
Non-surgical methods were again used from 1976, with numerous 're-discoveries' of the earliest methods. Various means of collecting eggs from relocated, and therefore more accessible, ovaries or from chronically cannulated reproductive tracts were also tried and found wanting.
Culture media
The importance of collection and culture media in embryo transfer work has been realized since the first studies on living mammalian eggs were begun in 1918 (see Hartman, 1929) . C. G. Hartman (1879 Hartman ( -1967 (Foote & Onuma, 1970; Seidel, 1977) and there is little to add in an historical context except to mention that early searches for suitable media even extended to aqueous humour (Warwick & Berry, 1949) . The fortunate discovery that the rabbit oviduct can accommodate the continued development of embryos of other species, combined with the international distribution of ex-Cambridge investigators, was intrumental in allowing long-distance transport of sheep embryos (Adams, Rowson, Hunter & Bishop, 1961) and later horse embryos (Allen, Stewart, Trounson, Tischner & Bielanski, 1976) before their long-term preservation in vitro was possible.
Embryo conservation
Attempts to conserve embryos for long periods at low temperatures began at the end of the second world war. Chang (1971) (1972) and in cattle by Wilmut & Rowson (1973) . The short history of freezing embryos has been told by Polge (1977) and, needless to say, developments since then are proceeding too rapidly to be reviewed historically. However, it is interesting that the Cambridge-Poland route crops up again in the first international shipment of frozen sheep embryos (Willadsen & Tischner, 1978) .
Micromanipulation ofembryos
Techniques for micromanipulation of embryos have reached great degrees of sophistication in laboratory animals (see Daniel, 1978) . They have been extended into farm species to produce chimaeric lambs (Tucker, Moor & Rowson, 1974) , sexed calves (Hare et al., 1976) and identical twin lambs (Willadsen, 1979) but the field is again too new to bear historical analysis.
Other modern approaches to controlling the sex ratio at birth have centred largely on separating X-and Y-bearing spermatozoa (reviewed by Hare & Betteridge, 1978) but the older history of the subject could constitute a folkloric study in itself. Smith (1919) The very first pregnancy in pigs was achieved non-surgically (Kvasnickii, 1951) although the translated methodological description is vague, to say the least. Non-surgical methods were also used by Umbaugh (1949 Umbaugh ( , 1951 but it is not clear whether any of his early cattle pregnancies were achieved in this way. The variety of techniques that were tried as non-surgical methods in cattle is intriguing: besides cervical approaches with and without uterine insufflation, they included transrectal and transvaginal methods and the use of gelatin-embedded ova attached to the ovarian ligament by barbs (see reviews by Foote & Onuma, 1970; Brand & Drost, 1977b) . It would be easy, but unfair, to dismiss these efforts as bizarre, for we have the benefit of hindsight. 
